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NASA TT F-10,659 

CALCULATION OF THE BASE PRESSURE I N  TWO-DIMENSIONAL 
SUPERSONIC FLOWS 

1 L. V. Gogish and G. Yu. Stepanov 

Description of a general  method f o r  determining t h e  
base pressure i n  complex two-dimensional supersonic flows. 
A two-dimensional i s en t rop ic  supersonic flow i s  ca l cu la t ed  
i n  approximation, by t h e  method of l i n e a r  c h a r a c t e r i s t i c s  
using a given separation-flow hodograph. Experimental and 
ca l cu la t ed  r e s u l t s  f o r  t h e  base pressure on a cyl inder  end, 
on t h e  end bases of a plane channel, and i n  a nozzle are  i n  
f a i r  agreement. An ana lys i s  of the dependence of t h e  base 
pressure on t h e  c h a r a c t e r i s t i c s  of a sepa ra t ion  flow i s  
conducted, using an engineering formula. 

I n  t h e  general  l i t e r a t u r e  concerning the determination of base pressure i n  
supersonic flows, p a r t i c u l a r  a t t e n t i o n  i s  given t o  inves t iga t ing  t h e  behavior of 
t h e  d i s s i p a t i v e  layer  on t h e  boundary of t h e  sepa ra t ion  region. The e f f e c t  of 
the p r o p e r t i e s  of t h e  ex te rna l  i nv i sc id  flow, sometimes depending on changes i n  
t h e  magnitude of base pressure by severa l  degrees, i s  inves t iga t ed  t o  a lesser 
ex ten t .  Then an approximation method fo r  c a l c u l a t i n g  base pressure i n  various 
types of r ea l  supersonic flows i s  presented. 

1. Formulation of t h e  problem. We s h a l l  assume i n  our d iscuss ion  t h a t :  - /log* 
a: t h e  v a r i a t i o n  i n  parameters i n  t h e  ex te rna l  supersonic flow i s  i s e n t r o p i c  
and b: t h e  e f f e c t  of t h e  i n i t i a l  thickness of t h e  boundary layer  may be d i s r e -  
garded. 
i n to :  (1) undisturbed flow, ( 2 )  turning flow at  t h e  edge, (3) deiached flow Ir, 
t h e  base region and ( 4 )  compressive flow i n  t h e  combination region. 

The ex te rna l  i s e n t r o p i c  flow in  the base reg ion  i s  broken down as usual  

A s  w a s  f i r s t  shown by Chapman and Korst ( r e f s .  1 and 2 ) ,  t h e  behavior of t h e  
d i s s i p a t i v e  layer  i n  t h e  region of separat ion is. determined c h i e f l y  by t h e  loca l -  
i zed  parameters of t h i s  layer  associated wi th  t h e  se l ec t ed  s e l f - s i m i l a r  v e l o c i t y  
p r o f i l e  and t h e  permissible degree of compression i n  t h e  region of flow combina- 
t i o n .  Since t h e  degree of compression i n  t h e  combination region i s  determined by 
t h e  l o c a l  j o in ing  angle of t h e  external  i nv i sc id  flow behind t h e  sepa ra t ion  
region,  it i s  convenient t o  use t h e  permissible angle of displacement of t h e  
d i s s i p a t i v e  flow a t  t h e  point of attachment 8 ( f i g .  1) as t h e  b a s i c  parameter 
which cha rac t e r i zes  t h e  viscous layer .  The base pressure w i l l  then be determined 
from t h e  condi t ion of coincidence between t h e  permissible  angle  of t u r n  of t h e  
viscous l aye r  and t h e  gas-dynamic angle formed by t h e  stream l i n e  of t h e  ex te rna l  
i n v i s c i d  flow a t  t he  point of attachment of t h e  detached flow. 

0 

Let  cq=hi/h be t h e  r e l a t i v e  ve loc i ty  on t h e  stream l i n e  of constant flow r a t e  

i n  t h e  viscous layer .  
region i s  determined by t h e  condi t ion of pene t ra t ion  of t h e  stream l i n e  of constant 

The permissible degree of compression i n  t h e  combination 

*Numbers given i n  margin i n d i c a t e  pagination in o r i g i n a l  f o r e i g n  text.  
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Figure 1. Representation of t he  detached flow 
i n  t h e  physical  plane (a) and i n  t h e  plane of 
t he  hodograph (b), and broken l i n e  ind ica t e s  
behavior of permissible  angle  of t u r n  of t h e  
d i s s o c i a t i v e  layer  a t  the  point  of attachment 
of t h e  detached flow. 

flow i n t o  the  wake region ( r e f s .  1 and 2 )  pi*=p' which, assuming i sen t rop ic  com- 

press ion  i n  t h e  wake, gives 

Here w i s  t h e  flow ve loc i ty ,  a* i s  t h e  c r i t i c a l  v e l o c i t y ,  p i s  the  s t a t i c  

0 pressure  i n  t h e  flow, p* i s  t h e  o v e r a l l  p ressure ;  t h e  supe r sc r ip t s  and ' r e f e r  

t o  parameters on t h e  boundary stream l i n e  of the ex te rna l  i nv i sc id  flow i n  t h e  
base reg ion  and i n  t h e  wake reg ion  respec t ive ly .  

of c losu re  i s  weak,po,&*, 

layer  i n  the  combination region 8 w i i i  be equal t o  

I f  i t  i s  assumed t h a t  t h e  shock 

then the  permissible angle  of t u r n  of t h e  d i s s i p a t i v e  

0 

V 

Here v ( h )  i s  t h e  Prandtl-Meyer function. 

I n  f i g u r e  2 ,  a i s  t h e  func t ion  q(M) ca lcu la t ed  f o r  t h r e e  s e l f - s i m i l a r  /110 
v e l o c i t y  p r o f i l e s  i n  t h e  turbulen t  boundary layer  (assuming constant o v e r a l l  

' flow temperature);  curves 1,-2 and 3 correspond t o  t h e  r e l a t ionsh ips  

where 7 i s  the  r e l a t i v e  t ransverse  dimension of t h e  l aye r ,  while b i n  f i g u r e  2 
g ives  t h e  corresponding funct ion e" (M)  ca lcu la ted  from formulas (1.1) and (1.2) .  
The poin ts  given i n  f i g u r e  2b a r e  obtained on the  b a s i s  of var ious  experimental  
d a t a  f o r  base pressure on the  face of f l a t  and annular  pro jec t ions  i n  a homo- 
geneous supersonic flow. 
plane of the  hodograph ( fo r  k = 1 . 4 )  i s  s a t i s f a c t o r i l y  approximated by a s t r a i g h t  

The r e l a t ionsh ip  e O ( h )  represented i n  f i g u r e  l b  i n  t h e  

* l i n e  i n  the  range l.l<A<2.1. 
~~~~ ~ 
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M' ' 3 
Figure 2. (a) Relat ive v e l o c i t y  
on t h e  stream l i n e  of constant 
flow r a t e  i n  t h e  turbulent  bound- 
a ry  l aye r  of a j e t  as a func t ion  
of the reduced ve loc i ty  of t h e  
ex te rna l  flow. (b) Permissible 
angle  of t u r n  of a turbulent  j e t  
l aye r  as a func t ion  of t h e  Mach 
number of t h e  ex te rna l  flow; 
experimental points:  1, r e f e r -  
ence 1; 2 ,  reference 7; 3 ,  da ta  
of A. N. Timoshin; 4 ,  da ta  of t h e  
authors * 

Equation (1 .3 )  determines t h e  
s i o n a l  supersonic stream, assuming 

0 0  
W e  note  t h a t  t he  funct ion 8 ,(M+) which 

speaking general ly  may ippa ren t ly  be con- 
sidered un ive r sa l  depends both on t h e  Mach 
number M and on t h e  temperature f a c t o r  f o r  
t h e  viscous layer  0 and t h e  re la t ive  dens i ty  
of i n j e c t i o n  i n t o  t h e  base region 

Q = ( P W ~  I (PW), I /  h 

H e r e  1 i s  t h e  length of t h e  boundary 
stream l i n e  i n  t h e  sepa ra t ion  region, h i s  
t h e  height  of t h e  end plane. 

Thus we ob ta in  8O=Q0 (M? ,Q,O). 

The permissible  angle  of displacement 
may be determined both by purely experimental 
methods and by ca l cu la t ion ,  e.g. ,  using t h e  
Korst -Chapman theory.  

Let  us designate  t h e  t o t a l  change i n  t h e  
angle of i n c l i n a t i o n  of t h e  boundary of 
inviscid flow i n  t h e  e n t i r e  s epa ra t ion  region 
by w=Q2-8 ; el  i s  t h e  angle  of i n c l i n a t i o n  of 

the w a l l  i n  f r o n t  of t h e  end plane. Then, 
according t o  t h e  flow diagram given i n  
f i g u r e  l a ,  w e  ob ta in  

0 

v (MO) - v ( M ~ )  + el = e o  (MO) + 0 (1 .3 )  

r e l a t i v e  base pressure n($) i n  a two-dimen- 
that  t h e  func t ion  8' (If) i s  un ive r sa l  and 

t h a t  w(M1,M?) i s  determined by an add i t iona l  construct ion.  

i s  determined by construct ing t h e  inviscid flow i n  t h e  sepa ra t ion  region. The 
method of l i n e a r  c h a r a c t e r i s t i c s  ( r e f .  3)  should be used as t h e  simplest  means 
f o r  solving t h e  problem. 

The func t ion  W(M1,M0) 

I n  analyzing t h e  e f f e c t  which the q u a n t i t i e s  8 and W have on t h e  magnitude 1 
of t h e  base pressure,  it i s  convenient t o  use the diagram of t h e  epicycloids  f o r  

t h e  permissible  angle of t u r n  of t h e  viscous l aye r  according t o  f i g u r e  2b 
(curve 1). W e  note  t h a t  t h e  diagram of t h e  epicycloids  i n  f i g u r e  l b  may be used 
f o r  a d i r e c t  so lu t ion  of equation ( 1 . 3 )  i n  t h e  plane of t h e  hodograph i n  t h e  
case of plane detached flow, which s u b s t a n t i a l l y  s i m p l i f i e s  subsequent construc- 
t i o n  of t h e  flow i n  t h e  physical  plane. 

plane flow ( f ig .  l b )  wi th  t h e  superposed behavior of /111 
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When M1= const and wO, t he  r e l a t i v e  base pressure po/pl increases  with 

an increase  i n  8 1  reaching uni ty  a t  e1=eo. With a f u r t h e r  increase i n  t h e  angle 

t h e  r e l a t i v e  base pressure becomes greater  than uni ty  and a weak compression 

shock develops a t  t he  edge of t he  end plane. The i n t e n s i t y  of t h i s  shock, and 
consequently the  degree of increase i n  the base pressure,  have an upper l i m i t  
determined by the  c r i t i c a l  pressure r a t i o  ( re f .  4 )  maintained by the  boundary 
layer  i n  f r o n t  of t he  end plane. When t h e r e  i s  no boundary layer ,  f o r  instance 
when separat ion takes place a t  t he  leading edge of a body, t h i s  l i m i t a t i o n  i s  re- 
placed by the  condition of exis tence of a supersonic flow i n  the  neighborhood of 
t he  detached flow. When t h e r e  i s  a forward or  edge shock i n  f ron t  of t h e  separa- 
t i o n  region,  t he  reduction i n  the  overa l l  pressure i n  t h i s  shock should be taken 
i n t o  account. 

When M1= const and 81=0, t h e  r e l a t i v e  base pressure po /p l  increases  w i t h  

0 an increase  i n  u) reaching uni ty  a t  w-8 . 
a compression shock i s  incident  on the boundary of t he  separat ion region (which, 
i n  p a r t i c u l a r ,  introduces an e r r o r  i n to  the  r e s u l t s  of some experimental s tud ie s  
of base pressure) .  An important c h a r a c t e r i s t i c  i n  t h i s  case i s  the  stepwise 
change i n  base pressure and i n t h e e n t i r e  configurat ion of the detached flow with 
a s l i g h t  displacement of t h i s  shock through t h e  t r a n s i t i o n  point M=l i n  t he  wake. 

Similar flow develops i n  t h e  case where 

The v a l i d i t y  of formula (1 .3)  i s  confirmed below by comparing t h e  r e s u l t s  of 
ca lcu la t ions  with experimental da ta  based on examples of two-dimensional detached 
flows. 

2.  Determination of t he  base pressure on the  end of a cyl inder  i n  an 
i n f i n i t e  supersonic streamline flow. 
c h a r a c t e r i s t i c s  ( re f .  3) we s h a l l  base our construct ion of the  contour of the in -  
v i s c i d  j e t  behind a cyl inder  ( f i g .  3a) 
parameters along the  l a s t  cha rac t e r i s t i c  of t he  expansion f a n  OA. 

In conformity w i t h  the Eethoc! nf l i nea r  

on the  analogous plane flow with constant 

Using the  equation of cont inui ty  fo r  t h e  axisymmetric flow along the  f i r s t -  
approximation l i nea r  cha rac t e r i s t i c s  of t h e  f i r s t  and second fami l ies  of OA and 
AB, we obta in  a simple formula f o r  determining the contour of t h e  j e t  

Here ro i s  the  radius  of t h e  end of t he  cy l inder ,  which i s  taken as equal t o  
uni ty .  

A s  shown i n  reference 3 ,  t h e  r e s u l t s  of ca lcu la t ions  by approximate formulas 
agree s a t i s f a c t o r i l y  with t h e  exact solut ion ( r e f .  5) obtained by t h e  method of 
c h a r a c t e r i s t i c s  using a computer. Therefore t h e  local ized angle of i n c l i n a t i o n  of 
t h e  j e t  boundary t o  the  ax i s  as a function of t he  d is tance  t o  t h e  ax i s  of symmetry 
of r is  given by the  formula 

4 
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Figure 3. 
of a cyl inder  as a funct ion of t h e  
Mach number of t h e  ex te rna l  flow: 
shaded region- -generalized exper i - 
mental d a t a  from reference 6 .  i, 2 ,  
3 ,  t h e o r e t i c a l  curves; 4 ,  base 
pressure behind a p ro jec t ion  i n  a 
plane flow ( r e f .  1). 

Base pressure on t h e  end 

' . .  '..I 

Figure 4 .  
supersonic flow i n  a channel wi th  
instantaneous expans ion. Represent a - 
t i o n  of t h e  flow i n  t h e  physical  
piane (a) and i n  t h e  plane of t h e  hodo- 

Base pressure i n  a plane 

graph (b). 

The magnitude of t h e  base pressure i s  determined by t h e  condi t ion of coinci-  
dence between t h e  local ized gasdynamic angle  of i n c l i n a t i o n  of t h e  cgntour f o r  t h e  
i n v i s c i d  j e t  and t h e  permissible angle of t h e  d i s s i p a t i v e  layer  O O ( M  ).  
f i n i t e  thickness  of t h e  viscous wake t / r g  should be taken i n t o  account i n  t h i s  case. 

Taking t h e  r e l a t i o n s h i p  between t/r, and t h e  Mach number MI of t h e  oncoming f low 
from t h e  experimental da t a  of reference 5 ( f ig .  3b), we may e a s i l y  determine t h e  
r e l a t i o n s h i p  between t h e  numbers MI and M" and correspondingly t h e  r e l a t i v e  base 

pressure p /pl as a funct ion of t h e  number MI. 

The 

0 
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The r e s u l t s  of ca lcu la t ions  of t h i s  type,  which were done f o r  t h r e e  
v e l o c i t y  p r o f i l e s  i n  the  j e t ,  a r e  compared i n  f i g u r e  3d, with the  generalized 
experimental r e l a t i o n s h i p  f o r  t h e  base pressure on the  end of a cyl inder  taken 
from reference  6 .  A s  may be seen from f igu re  3d, t he  r e s u l t s  of ca lcu la t ions  
f o r  t h e  p r o f i l e  cp=%(l+erf y) correspond t o  t h e  experimental data of a l l  Mach 
numbers M as s a t i s f a c t o r i l y  as f o r  t he  case of plane flow. 

3 .  Determination of t h e  base pressure developed i n  a supersonic plane flow 
i n  a channel with instantaneous expansion. Figure 4 shows the  gasdynamic diagram 
f o r  flow of a supersonic stream of idea l  gas (with a Mach number of M=l i n  a 
narrow cross  sec t ion)  i n  a plane channel with instantaneous expansion, i n  t h e  
physical  plane ( f ig .  4a) ,  and i n  the  plane of t he  hodograph ( f ig .  4b). The base 
pressure i s  conveniently calculated by assuming t h a t  t he  base pressure or t he  
number M? i s  given and then determining the  value of t he  t ransverse dimension 
H2/Hl from the  known hodograph. For th i s  purpose it i s  necessary t o  f ind  consecu- 
t i v e l y  t h e  pos i t ion  of points  C y  A and B i n  t he  ,physical plane using t h e  character-  
i s t i c  d i r ec t ions .  Segments of t h e  cha rac t e r i s t i c s  may be constructed from t h e  
average parameters on the  ends of the  segments (with regard t o  t h e  f a c t  t h a t  t he re  
a r e  two sheets  f o r  t he  representa t ion  of t he  flow i n  t h e  plane of t he  hodograph). 
The p o s i t i o n  of t he  point of attachment B may be determined i n  two ways: from the  
i n t e r s e c t i o n  of t h e  c h a r a c t e r i s t i c  AB and t h e  average l i nea r  d i r e c t i o n  of OB, and 
from the  length of t he  segment of the  cha rac t e r i s t i c  AB, which was determined by 
using t h e  equation of cont inui ty .  The r e s u l t s  of t he  ca lcu la t ions ,  which a r e  
shown by t h e  s o l i d  curve i n  f i g u r e  4c ,  coincide s a t i s f a c t o r i l y  with t h e  experi-  
mental da ta  of reference 1 (experimental po in ts ) .  

Le t  us point out t h a t  t h i s  inverse problem of determining the  c h a r a c t e r i s t i c  
geometric dimensions of detached flow in t h e  physical  plane from the  known hodo- 
graph i s  extremely simple s ince  i n  t h i s  case it i s  s u f f i c i e n t  t o  construct  only t h e  
ind iv idua l  c h a r a c t e r i s t i c s  which bound t h e  region of inf h e n c e .  Solution of t h e  
d i r e c t  problem i s  associated with caPculating s e r i e s  of jet contours and s e l e c t i n g  
the  one which i n t e r s e c t s  t h e  wal l  a t  the permissible angle 8' (M"). 

A t r i a l - a n d - e r r o r  so lu t ion  i s  required f o r  c a l c u l a t i o n  of analogous axisym- 
met r ic  flow, which may a l so  be constructed by t h e  method of l i nea r  c h a r a c t e r i s t i c s .  

4. Base pressure on the  end of a plane Prandtl-Meyer nozzle a s  a func t ion  /113 
of t h e  a v a i l a b l e  pressure ra t io . '  
ex te rna l  i s e n t r o p i c  flow and i t s  boundaries have on t h e  base pressure may be con- 
venien t ly  analyzed on t h e  bas i s  of t h e  example of flow i n  a plane nozzle with a 
s i n g l e  angular point shaped a l o n g ' t h e  stream l i n e  of Prandtl-Meyer flow ( f ig .  5 ) .  
A t  a given pressure of t he  external  medium p1, expansion of the flow around t h e  
angular point  A takes  place i n  a simple wave with an i n t e n s i t y  determined by the  
a v a i l a b l e  pressure r a t i o  l/rr=p*/pl, while t h e  Mach number M of the flow on t h e  
extreme c h a r a c t e r i s t i c  of t he  expansion fan  i s  equal t o  MI. Research shows t h a t  

The e f f e c t  which t h e  wave s t r u c t u r e  of an 

with t h e  flow around the  curved surface of t h e  nozzle sec t ion  located downstream, 
a simple compression wave i s  developed which i s  r e f l e c t e d  from the  f r e e  boundary 
of t he  j e t  i n  t he  form of a simple expansion wave. 

1 This s e c t i o n  of t h e  work w a s  done with t h e  p a r t i c i p a t i o n  of T. S.  Soboleva. 
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Figure 5. Relat ive base pressure on t h e  end of a 
Prandtl-Meyer nozzle as  a func t ion  of t he  a v a i l -  
ab l e  pressure r a t i o .  Representation of the  flow 
i n  the  physical plane and i n  t h e  plane of t he  
hodograph a t  (a) l/n*<l/n<l/n0; (b) l/n**<l/n<l/n*; 
(c) l/n<l/n*. 

With flow around t h e  angular point 0 located on t h e  end, a simple expansion 
wave develops which i n t e r a c t s  with the  waves already i n  the  stream and with t h e  
f r e e  boundary of t h e  j e t  t o  determine the magnitude of t h e  base pressure.  

With an increase i n  the  given quantity l / n  from the  value l /no (when t h e  

stream l i n e  i n  t h e  angular point A i s  p a r a l l e l  t o  t h e  x-axis ,  t he  Mach number M 
i s  equal t o  q) t h e r e  are th ree  d i s t i n c t  flow conditions i n  t h e  base region which 

may be separated by t h e  c h a r a c t e r i s t i c  values l/n* and l / ' r r ~ .  When l/n*<l/'rr<l/'rr0 

the  expansion wave r e f l e c t e d  from t h e  f r e e  stream l i n e  does not i n t e r a c t  with t h e  
separa t ion  region ( f ig .  5a) .  The base pressure i n  t h i s  case i s  determined 
immediately by formula ( 1 . 3 )  when w=O 

y ( M " )  - v(M1) 4- 01 = 0" (M"), 01 = v(M,)  - v ( M I )  ' ( 4 . 1 )  

When l/n**<l/n<l/n* ( f ig .  5b) , the r e f l e c t e d  expansion wave i n t e r a c t s  with 
the  separat ion region. The i n t e n s i t y  of t h i s  i n t e r a c t i o n  increases  with a reduc- 
t i o n  i n  l /n .  
e r r o r ,  using the  epicycloid diagram as  i n  s e c t i o n  3 .  
known flow hodograph a r e  used t o  determine the  height of t h e  end by consecutive 
construct ion i n  the  physical plane of points 2 ,  7 ,  7 ' ,  6 and f i n a l l y  the  point of 
attachment 5. When l/n<l/n** ( f i g .  5c) ,  a near ly  homogeneous supersonic j e t  flows 
around the  end with a wave s t ruc tu re  following t h a t  i n  t h e  separat ion region which 

Calculat ion of the  base pressure i n  t h i s  case i s  done by t r i a l  and 
The given value of #and the  
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i s  determined ch ie f ly  by the  in t ens i ty  of a simple wave developed during flow 
around the  end. The magnitude of the  base pressure i n  t h i s  case i s  determined by 
formula ( 1 . 3 )  where W=61+ ...+&I ( 6 i s  the  angle of t u r n  of t he  flow i n  the  wave, 
n i s  the  number of incident  and re f lec ted  waves on the  boundary of t h e  separat ion 
zone). I n  p a r t i c u l a r ,  i f  we a r e  given a supersonic homogeneous flow of l imited 
width with the  number MI i n  t h e  cross sect ion before  the  end, while the  number 

M=Mo on t h e  boundary of t h e  separat ion zone, then 6-v($)-v(M1) and w=(n-1)6; and 

formula ( 1 . 3 )  i s  transformed t o  

v ( M " )  - v ( M I )  = .-1 (0" - 01) 

When n 4 ,  formula (4 .2)  determines the  base pressure on t h e  f l a t  end of a 
body i n  an i n f i n i t e  s t reamline flow. When n f l ,  t he  base pressure changes sharply 
i n  comparison with the  case n= l ,  together with the  e f f ec t  of t h e  i n i t i a l  angle of 
i n c l i n a t i o n  el. Even i n  t h i s  extremely simple case the number of waves n depends 

on th ree  geometric and gasdynamic parameters--the t ransverse  dimension of t h e  j e t ,  
and t h e  numbers M1 and Mo-- and i s  determined by construct ion of the flow i n  t h e  

physical  plane. 
i s  poss ib le  f o r  flow around t h e  end t o  take place with various numbers of s i m p l e  
waves i n  t h e  je t .  

Generally speaking, the s o l u t i o n  may be indeterminate s ince  it 

Figure 5g shows t h e  r e s u l t s  of measurement of the  r e l a t i v e  base pressure 
p /pl  from the  a v a i l a b l e  pressure r a t i o  l / r r  i n  a F'randtl-Meyer nozzle with 8*=42O 

and ho/h*=0.83 (e* i s  the  angle of i n c l i n a t i o n  of the  stream i n  the  c r i t i c a l  cross  

0 

sec t ion ,  ho i s  t h e  height of t he  end and h, i s  the  width of t h e  c r i t i c a l  cross  

sec t ion) .  
ou t l ined  above, which agree s a t i s f a c t o r i l y  with t h e  experimental data.  
crepancy between the  approximate ca lcu la t ion  and t h e  experimental data  i s  
explained by some displacement i n  t h e  angular point of t he  nozzle A during t h e  
experiment, and a l so ,  apparently,  by e r rors  i n  c a l c u l a t i o n  of t he  ex terna l  flow 
associated with schematization of t h e  supersonic flow and disregard of t h e  viscous 
wake on i t s  outer  boundary. 

The same f i g u r e  gives t h e  r e s u l t s  of ca lcu la t ions  made by the  method 
The d i s -  

Le t  us point  out t h a t  t he  f i r s t  c h a r a c t e r i s t i c  value of t h e  pressure r a t i o  
l/n* which determines t h e  continuous flow condi t ion diagram may be found theore-  

t i c a l l y .  However, c a l c u l a t i o n  of t h e  quant i ty  l/'ll** i s  associated with t i m e -  

consuming construct ions of t he  flow i n  t h e  region of t h e  wake with regard t o  t h e  
i n t e r a c t i o n  of compression shocks with each other  and with t h e  wake, so  t h a t  a 
r e l i a b l e  determination of t h i s  quantity l/n** i s  present ly  inconvenient. 

Received 25 November 1965 
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